The modulation of transcription by chromatin modifications participates to the coordination of gene networks regulating development. Chromatin marks deposited by Polycomb group complexes (PcG), induce a repressive state of the transcription, which is propagated through cell division. Here, we focus on the implications of this epigenetic regulation in the development of flowering plants like Arabidopsis thaliana. We present the mechanism of chromatin modification by PcG and its modulation by other factors. We discuss in detail the mechanisms leading to flowering and illustrate how PcG controls major progressions through the life cycle.
Introduction
The life cycle of eukaryotes is marked by developmental phases characterized by specific spatial and temporal regulation of genome expression. Dynamic regulation of chromatin state is crucial to ensure proper regulation of gene expression. The mechanisms involved in this regulation comprise nuclear localization, DNA methylation, histone variants replacement and histone posttranslational modifications that recruit or release various chromatin remodeling factors and govern nucleosome occupancy on the DNA (Margueron and Reinberg, 2010) .
Amongst the regulators of chromatin state and transcription, Polycomb Group (PcG) genes were first discovered in Drosophila melanogaster as repressors of the homeotic Hox genes involved in embryo segmentation (Lewis, 1978; Jürgens, 1985) . Four PcG proteins form the core Polycomb Repressive Complex 2 (PRC2): Enhancer of Zeste (E(z)), Suppressor of Zeste 12 (Su(z)12), Extra sex combs (Esc) and p55. When properly assembled in a protein complex by p55 and Esc, E(z) tri-methylates histone H3 lysine 27 (H3K27me3) at target loci (Nekrasov et al., 2005) . This mark induces a durable transcriptional silencing ( Figure 1 ). In absence of PcG activity, the initial pattern of Hox genes breaks down causing embryo developmental arrest.
PcG proteins were likely present in the last common ancestor of Eukaryotes and are conserved from unicellular organisms to metazoans and plants but were lost in yeast (Shaver et al., 2010; Margueron and Reinberg, 2011) . Here, we summarize the nature of plant PcG complexes and their mode of action. We 7 (VERNALIZATION LIKE1, also known as VIL2, for VIN3-LIKE2) and VRN5 (VERNALIZATION5, also known as VIL1, for VIN3-LIKE1) and represses targets of vernalization, the prolonged cold period that allows annual plants to flower in spring ( Figure 2) . A comparable association of PRC2 with PHD proteins was observed in animals (Nekrasov et al., 2007; Sarma et al., 2008) .
In Drosophila, stable transcriptional repression by the PRC2 complex requires the activity of other proteins complexes: Polycomb Repressive Complex1 (PRC1), Pleiohomeotic Repressive Complex (PhoRC), and a newly identified module named PR-DUB (Zheng and Chen, 2011) . PRC1, in animals, binds to H3K27me3 marks and ubiquitinates H2A lysine 119. As a consequence, chromatin is compacted in a stable heterochromatin state and transcription is durably repressed (Sawarkar and Paro, 2010) . In plants, homologues have been identified for the PRC1 components BMI1 and RING1. Monoubiquitination of H2A lysine 121 in Arabidopsis by AtBMI1A and AtBMI1B is implicated in repression of embryonic and stem cell regulators (Bratzel et al., 2010) . AtBMI1C physically interacts with AtRING1A/B and may be involved in flowering regulation (Li et al., 2011 exception of an impact on flowering time (Mylne et al., 2006; Sung et al., 2006) lhp1 phenotype is quite distinct from the phenotypes of mutants affecting PRC2 (Gaudin et al., 2001; Takada and Goto, 2003) . Two other proteins, VRN1 (VERNALIZATION1) and EMF1 (EMBRYONIC FLOWER1), which bind and act together with LHP1 and AtBMI1A/B (Bratzel et al., 2010) , have been proposed to be involved in PRC1-like functions (Mylne et al., 2006; Calonje et al., 2008) .
Hence, several proteins with an activity similar to PRC1 components are specific to plants. Because PRC1 homologues are not conserved between animal species, it may not be surprising that PRC1 function in plants is mediated by mechanisms distinct from that described in mammals. In conclusion, PRC2 is conserved in plants but the regulatory PRC1 and TRX activities are mediated also by non-conserved protein complexes that evolved independently from their functional counterparts in metazoans.
Polycomb and Trithorax complexes are antagonizing each other

The ins and outs of H3K27me3 mark on chromatin
As many other annual species, Arabidopsis flowers in spring after an obligate period of cold in winter (vernalization). However, some natural accessions of Arabidopsis flower late in summer and do not require vernalization. Such natural variations rely primarily on the regulation of two factors, FRIGIDA (FRI) and FLOWERING LOCUS C (FLC) (Koornneef et al., 1994; Lee et al., 1994) . the XIST non-coding RNA and PRC2 in mammals (Margueron and Reinberg, 2011) and further analyses may show a generalization of this mechanism (Spitale et al., 2011) . Hence, it is likely that PRE represents only the sequence complementary to a specific element of the long non-coding RNA that forms a complex with PRC2 and if true this hypothesis would explain the lack of conservation of PREs.
It is also possible that other mechanisms participate to PRC2 recruitment. In animals, the JumonjiC (JmjC) domain protein Jarid2 anchors PRC2 but inhibits its repressive action. It remains to be discovered whether or not plant homologues of Jarid2 fulfills the same role (Zheng and Chen, 2011) . In addition, a combination of histone modifications could also be read by PRC2 complexes or associated proteins to specify a target.
Spreading
Analyses of transgenes carrying FLC and a fusion protein have shown that PRC2 can spread from an initial entry site to methylate histones at adjacent sequences (Schubert et al., 2006) . However, genome-wide studies showed that H3K27me3 marks do not extend over large regions in plants as it does in flies and mammals but are restricted to discrete domains (Turck et al., 2007; Zhang et al., 2007) . For example, the PHD proteins VIN3, VRN5 (VIN3-LIKE1), and VEL1 (VIN3-LIKE2) (Sung et al., 2006) that enhance the VNR complex activity at vernalization were shown to play a role in the spreading of H3K27me3 marks on FLC locus upon return of warm temperature (De Lucia et al., 2008) . 
Developmental transition during sexual reproduction
Gametophyte to sporophyte transition
In mosses, the gametophytic life is the predominant vegetative phase and the sporophyte is a short-lived structure specialized in meiosis and spore production. (Ingouff et al., 2005 ). This conclusion is further strengthened by the abundance of H3K27me3 on genes involved in cell wall synthesis and other markers of late endosperm development (Weinhofer et al., 2010) . Hence, PRC2 controls the transition from syncytial to differentiated cellular endosperm.
Embryo maturation
When the strict requirement of the FIS complex for gametophytic development and endosperm are overcome, it is possible to study the function of PRC2 during plant embryogenesis (Kinoshita et al., 2001; Bouyer et al., 2011) . fie embryos never mature but keep proliferating and eventually produce tissues that resemble calluses. PRC2 not only prevents the transition between early seed to dry seed but also represses entire networks of genes involved in the reproductive transition. Interestingly, fie mutant seedlings are initially indistinguishable from wild-type plants suggesting that the initial patterning does not rely on PRC2 but rather does the maintenance of this pattern (Bouyer et al., 2011) . Gradually, the repressive mark is removed in a cell cycle and an AG-dependent manner, allowing the basic transcriptional machinery to access the KNU locus and induce transcription. This mechanism provides a delay that is key to ensure that a proper cell number is produced by the floral meristem before the flower organ differentiation.
Transitions during post-embryonic life
Concluding remarks
Polycomb group complexes PRC2 are conserved. However there is limited conservation of the activities that read the H3K27me3 marks they deposit. As shown in animals, long non-coding RNAs certainly play a role in PRC2 targeting (Zhao et al., 2010) 
